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GRYOPRESERVATIONOFAMERICANKESTREL
SEMENWITH DIMETHYLSULFOXIDE

George F. Gee, C.A. Morrell, J.C. Franson^ and O.H. Pattee
Patuxent Wildlife Research Center, Laurel, MD20708 U.S.A.

Abstract. —Semen samples from 1 5 male American Kestrels {Falco sparverius) were frozen in dimethyl

sulfoxide (DMSO). The semen was thawed 1-14 mo later and used to inseminate six females during
three breeding seasons. Kestrels inseminated with thawed semen containing 4% DMSOproduced only

infertile eggs (N = 14). Kestrels inseminated with thawed semen containing 6%, 8%, or 10% DMSO
produced fertile eggs (N —14) and live chicks (N = 6). Progressive motility of spermatozoa in thawed
semen containing 10% DMSOwas less (44 ± 6%) than in thawed semen containing 6% (62 ± 10%) or

8% (61 ± 1%) DMSO.

Criopreservacion del semen del Halcon Cernicalo {Falco sparverius) con dimetilsulfoxido

Extracto. —Muestras de semen de 15 Halcones Cernicalo {F. sparverius) fueron congeladas en dime-
tilsulfoxido (DMSO). El semen fue descongelado entre 1 y 14 meses mas tarde, y fue usado para inseminar

seis halcones hembras durante tres periodos reproductivos. Las que fueron inseminadas con semen
descongelado que contenia 4% de DMSO, solamente produjeron huevos esteriles {N = 14); las otras que
fueron inseminadas con semen descongelado que contenia 6%, 8% o 10% de DMSOprodujeron huevos
fertiles {N = 14) y polios vivos {N = 6). La movilidad de espermatozoides en semen descongelado que
contenia 10% DMSOfue menor (44 ± 6%) que en semen descongelado que contenia 6% (62 + 10%) u
8% (61 ± 1%) DMSO.

[Traduccion de Eudoxio Paredes-Ruiz]

Recent advances make it possible to collect and

preserve sperm and to inseminate many mammals
and some birds (Seager et al. 1978, Gee 1983). When
genetic diversity is lost, frozen gene pools (gamete

or embryo banks) can reestablish genetic diversity

in captive or small native populations. The frozen

material contains genetic variation of the original

population from which the materials were collected.

Methods are now available for the cryopreservation

of semen from chickens {Gallus domesticus; Sexton

1980), Sandhill Cranes (Grus canadensis', Gee et al.

1985), and Aleutian Canada Geese {Branta cana-

densis leucoparia; Gee and Sexton 1990).

Many species of raptors are listed as endangered

(Cade and Temple 1977, King 1978) and captive

propagation and release programs have been suc-

cessful with some (Weaver and Cade 1983). Raptors

can pose special challenges to captive propagators;

small captive populations, incompatible and infertile

pairs, and small semen volumes. Artificial insemi-

nation has been used successfully with many of these

species (Gee and Temple 1978, Gee 1983, Weaver

’ Present address; National Wildlife Health Research

Center, 6006 Schroeder Road, Madison, WI 53711 U.S.A.

and Cade 1983). Wildlife managers need a reliable

method for the preservation of semen to support these

captive raptor propagation programs. Two raptor

studies revealed some success in long-term preser-

vation of Peregrine Falcon {Falco peregrinus; Parks

et al. 1986) and American Kestrel {F. sparverius',

Brock 1986) semen. Neither experimenter used di-

methyl sulfoxide (DMSO) as the cryoprotectant.

DMSOis superior to other cryoprotectants because

it does not have to be removed from the semen prior

to insemination (Sexton 1980, Gee et al. 1985). We
have investigated the effect of cryopreservation on

avian semen (Gee et al. 1985, Gee and Sexton 1990)

and wanted to apply these techniques to raptors. In

this study we attempted to determine the best DMSO
concentration for cryopreservation of American Kes-

trel semen.

Materials and Methods

Semen was collected on Monday, Wednesday, and Fri-

day from 15 American Kestrel males during the normal
breeding season in 1983-85 and stored frozen for 1-14
mo prior to use. Nine males were housed with females in

3 mwide, 15 mlong, and 1.8 mhigh outdoor wire-mesh-
covered pens. Males of the other six pairs were housed
individually in similar pens with their females in the ad-

jacent pens. Pens contained two shelter boxes, three hang-
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Table 1. Protocol for collection and cryo preservation of

American Kestrel semen used in insemination trials.®

Semen Dilution

Trial

When
Collected*’

After
Adding
DMSO'^ DMSO%(v/v)

1 1:1 1:2 4

2 1:3 1:7 4 and 6

3 1:0.5 1:1 6, 8 and 10

^ Semen was collected at ambient temperatures from —12- + 27“C,

held at 1-5°C for <2 hr, equilibrated with DMSOfor 10-15 min

and frozen. Semen was frozen at l°C/min from +5°-— 20°G, at

50®C/min from —20°-— 80°C, and at —160°G/min from —80°-

—196°G. Semen was thawed in an ice bath at 0.5°G for 3 min. In

each of three trials, 140 of semen was inseminated.

BPSE (Sexton 1977) at 7.4 pH, 330 mmol/kg.
^ DMSOdiluted with semen extender before diluting semen.

ing perches, a water bowl, a feeding platform and a nest

box (Porter and Wiemeyer 1970). Birds were fed Ne-
braska® Bird of Prey Diet (Central Nebraska Packing,

Inc., North Platte, NE U.S.A.)^ and day-old chickens on
alternate days. The feeding platform and water bowl were
cleaned daily. Birds were kept in these pens the year round.

New individuals from our other colonies were introduced

in February to replace birds injured or lost the previous

year. After laying an infertile clutch of eggs, some of the

single females (male in adjacent pen) were inseminated

with thawed semen. Females were inseminated on Mon-
day, Wednesday, and Friday and immediately after an

egg was laid. Insemination following oviposition compen-

sated for the days when an egg was present in the oviduct.

Birds were not inseminated when an egg was present in

the oviduct. For insemination, we chose females whose lay

dates corresponded to times when adequate frozen semen
pools were available.

Wecollected semen throughout the reproductive season

from all males and, in all cases except those noted, diluted

the semen as we collected it with Beltsville Poultry Semen
Extender (BPSE; Sexton 1977). Wemodified the massage

technique of Bird and Rehder (1981) to collect semen from

several birds in the same container. We removed semen
from the ventral lip of the cloaca with a small catheter

with a Luer tip attached to a 1 ml syringe. A propipette,

attached to the opposite end of the syringe, provided suc-

tion. The syringe barrel of the suction device was also used

for measuring and diluting the semen.

An assistant held the kestrel in the palm of her hand
while the operator stroked the abdomen with one hand
and the base of the tail and ventral lip of the cloaca with

the other hand. In the final step the operator forced the

tail back with the heel of the hand and expressed the semen
from the dorsal lip of the cloaca.

^ Mention of this or any other commercial product does

not constitute endorsement by the U.S. Government.

Semenwas transferred to 1 ml collecting vials and placed

in small (3 ml) test tubes that were partially submerged
in an ice bath <5°C in the field, in transit, and upon return

to the laboratory. Semen samples (5-10 /il) that contained

motile sperm and little contamination were pooled. In

seven pooled, undiluted semen samples, we measured os-

molality and pH with a Wescor 5100B Vapor Pressure

Indicator Osmometer and a Lazur® PHM- 146 Micro pH
Electrode according to manufacturer’s instructions. In all

semen samples we used progressive motility of sperm (Sex-

ton and Gee 1978), degree of contamination, and concen-

tration score (Gee and Temple 1978) to evaluate semen
quality. Westudied sperm morphology and obtained cell

measurements in fresh semen (one drop of semen and one

drop of stain under a 22 mmsquare coverslip) with a 1 %
eosin B or phloxine B stain, and in air dried smears stained

with 1% phloxine B and 107o nigrosin stain, or in Bouin’s

fluid with eosin-nigrosin stain (Sigma HTIO 1-32, Sigma
Chemical Co., St. Louis, MO63178 U.S.A.). We ex-

amined both the live wet mount and the air dried smear
under a light microscope at 400 x

.

Sperm survival (progressive motility) in BPSE (7.4 pH,
330 mOs) and three variations (7.8 pH, 310 mOs; 7.0 pH,
310 mOs; and 7.5 pH, 280 mOs) were used to determine

the most suitable semen extender for semen collection and
cryopreservation. Weestimated progressive motility (sper-

matozoa moving in a forward motion) on a scale from 0-

100%. Samples for preservation were held in an ice bath

(<5“C) for up to 2 hr before freezing. Semensamples were
held in DMSO(4%, 6%, 8% or 10%; v/v) for 10-15 min
before freezing. A 0.2 ml sample of diluted semen, equiv-

alent to 3-4 ejaculates, was then placed in labeled plastic

straws (0.5 ml Frenchstraw [Fiche de gontrola]; Edwards
Agri-Sales Inc., Baraboo, WI 53913 U.S.A.), heat sealed,

attached to a prenumbered semen cane, and frozen (Gee

and Sexton 1979, Gee et al. 1985; Table 1). Frozen semen
was transported in a portable liquid nitrogen tank and
thawed for 3 min in an ice bath (0.5°C) immediately before

use (Table 1). After thawing, we removed the semen from

the straw with a small catheter and 1 ml syringe. The
cloaca of the selected female American Kestrel was everted,

exposing an everted vagina, the syringe was inserted 1-2

cm into the oviduct, the cloaca was allowed to return to

the relaxed position with the syringe in place, and the

semen was deposited. We everted the cloaca by holding

the bird against our bodies. We applied a slow steady

pressure to the abdomen while pressing the area around

the cloaca with the thumbs and index fingers of both hands

A 5-10 fil sample of the thawed semen was set aside at

room temperature for semen quality evaluation (within 1

hr).

Fertility of eggs from birds inseminated with thawed
semen and progressive motility of that semen were used

to evaluate the effectiveness of cryopreservation. To de-

termine fertility, eggs were candled at 14 d. Clear eggs

were opened and examined for early death under a 7 x

dissecting microscope, and eggs with live embryos were
returned to the nest.

Although the small data set makes statistical analysis

tentative, we used the ^-test to test the significance of dif-

ferences between two sample means (Steel and Torrie

1960). Weused the one-way classification analysis of vari-
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ance where appropriate (Steel and Torrie 1960). Per-

centage values were sign transformed before analysis.

Results and Discussion

The six female American Kestrels inseminated

with thawed semen containing DMSOas cryopro-

tectant produced 48 eggs, 14 (29%) of which were

fertile (Table 2). Of the 14 eggs incubated by fe-

males, 4 were broken and 6 of 10 eggs (60%) hatched.

No fertile eggs were obtained from kestrels insem-

inated with thawed semen containing 4% DMSO
(14 eggs). Six of 17 eggs (35%), 4 of 10 eggs (40%),

and 4 of 7 eggs (57%) were fertile from kestrels

inseminated with thawed semen containing 6%, 8%
and 10% DMSO, respectively. Differences in fer-

tility between kestrels inseminated with semen con-

taining 6%, 8%, or 10% DMSOwere not significant.

At least one-half of the kestrel sperm in seven

freshly collected semen samples were progressively

motile for up to 96 hr after storage at <5°C in BPS

E

at 7.0, 7.5, and 7.8 pH. No differences in motility

were evident between extender pHs, but sperm con-

centration decreased in all samples. Therefore, the

apparently high survival rate (50% motile cells) could

have been an artifact if sperm were dying and dis-

integrating, as suggested by the decrease in concen-

tration.

Wewere unable to determine percent live sper-

matozoa in thawed kestrel semen using conventional

live-dead stains (Gee 1983). Stains such as eosin-

nigrosin did not stain dead kestrel spermatozoa. In

Peregrine Falcon semen, the opposite condition ex-

ists, eosin stains both live and dead cells (Hoolihan

and Burnham 1985). Thawed semen contained few-

er (57 ± 12%) progressively motile cells, a measure

of sperm vitality (Smyth 1968), than semen prior to

freezing ill ± 9%; Fig. 1) with equivalent DMSO
concentrations (P < 0.001). Also, thawed semen with

10% DMSOcontained fewer progressively motile

spermatozoa (44 ± 6%) than thawed semen with

6% (62 ± 10%) or 8% (61 ± 1%) DMSO(P <

0.05).

Individual ejaculates from American Kestrels are

small (Bird and Lague 1977, Brock 1986), 10-20

fjd in our study. The sperm concentration also is

lower (Bird and Lague 1977) than in other birds

(Gee 1983). Our American Kestrel semen yielded

the lowest sperm score, 2 or less (Gee and Temple

1978), of any healthy bird examined in our labo-

ratory. Most clean American Kestrel semen appears

clear to slightly yellow. In addition to spermatozoa,

Table 2. Reproductive success of female American Kes-

trels artificially inseminated with frozen and thawed se-

men containing 4, 6, 8, or 10% dimethylsulfoxide as the

cryoprotectant in 1983-85.

Dimethylsulfoxide

4% 6% 8% 10%

No. of kestrels 3 4 2 2

Eggs 14 17 10 7

Fertile eggs 0 6^ 4b 4b

Infertile eggs 14 11 6 3

Eggs hatched 0 2 2 2

^ Two eggs destroyed by kestrels.

Egg destroyed by kestrels.

kestrel semen usually contains clear, round bodies

of various sizes, other debris, and, occasionally, a

few squamous cells and erythrocytes.

On smears stained in phloxine B (17o)-nigrosin

(10%), the heads of kestrel spermatozoa varied in

size and shape, but most (50%) were spherical (4-

8 nm) in diameter. Sperm tails were of varying lengths

(9-14 ^m, one of 50 Mm)- The end of the tail was
often broken, coiled or looped, even in the fresh

semen sample. However, our method for making
semen slides seemed to damage the spermatozoa. Our
kestrel semen contained larger cells than those re-

ported by Bird and Lague (1977; 2 Mmx 4 Mm) and

by Brock (1986; 3.4 Mmx 2.7 Mm). Wefound and

measured three classes of spermatozoa in the fixed

semen smears: round (8.2 Mmx 6.1 Mm), elliptical

(4.4 Mm X 3.4 Mm), and elongate (6.3 Mm x 2.5

Mm). Brock (1986) described the elliptical cell on

slides stained with 1 %glutaraldehyde in phosphate-

buffered saline solution and stained with fast green

FCF. It was the most commoncell we observed (50%
of the cells). However, the acrosomal cap and mid-

piece observed with the fast green technique were

larger than those we observed on slides stained with

phloxine.

Weexamined hundreds of slides and hundreds of

cells per slide at a variety of light and filter settings

and with phase contrast in an attempt to determine

the morphology of the spermatozoa in fresh semen.

Fresh semen stained with phloxine B (1%) produced

the most consistent motility estimate because we could

see the cells better against the pink background color

than in a clear solution. Immotile cells, similar to

the elliptical and round cells on prepared slides, were

found in fresh semen stained with phloxine B. We



24 Gee et al. VoL. 27, No. 1

PERCENTDMSO

I Prefreeze Postfreeze ^ Difference

Figure 1. Progressive motility of kestrel semen cryopreserved in dimethylsulfoxide.

observed about 1% of these spherical cells lose their

tails and, on occasion (about a dozen), burst, leaving

only the red-stained acrosomal cap and midpiece.

Our progressive motility estimates to evaluate treat-

ments may have been in error because of the tendency

of dead cells to burst. This may also explain why,

in our evaluation of semen extenders, we observed

a decrease in concentration after storage for 24 hr.

Wefound the spermatozoa of the American Kes-

trel unusual when compared to semen collected from

other birds, in terms of shape, motility, cell number

and live-dead staining characteristics. The round cell

in kestrel semen resembled the droplet cell in crane

semen (Gee and Temple 1978, Russman 1979). In

all the semen examined for motility, we saw very

few (4 or 5 per year) sauropsid cells, similar to those

of Peregrine Falcons (scanning electron micrograph

by W. Burnham pers. comm.) and in one case, a

part of a sauropsid cell buried in the round cell.

Sauropsid cells were rare but were always motile.

In 281 species examined by McFarlane (1971) all

avian sperm heads were cylindrical and tapering at

each end. The gradual change from sauropsid to the

elongated, markedly helical shape in passerines and

other ultrastructural changes indicate phylogenetic

relationships (McFarlane 1971). The true shape of

kestrel spermatozoa, whether round as seen in fixed

semen (fast green or phloxine slides) or sauropsid

as seen on occasion in fresh semen, was not deter-

mined.

Semen with spherical sperm ranging from 2-14

ixm long and 1-18 jiim wide and propelled by a single

5-50 ^m long tail produced fertile eggs. Although

we tried to test for semen quality, the spermatozoa

and semen characteristics of the American Kestrel

restricted our study. We found the comparison of

fertile egg production of limited usefulness because

of the small number of birds and eggs in the study.

Fertile eggs and chicks can be produced by kestrels

inseminated with thawed semen cryopreserved in
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extender containing DMSO. Kestrels inseminated

with thawed semen containing 6%, 8%, or 10 %
DMSOas the cryoprotectant produced fertile eggs

and chicks. A 4% DMSOconcentration (v/v) in the

semen provided inadequate cryopreservation and 10%
DMSOresulted in lower progressive motility than

6% or 8% DMSO.
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